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ABSTRACT
We report on our study of the high-energy γ−ray emission from the FR I radio
galaxy NGC 1275, based on two years of observations with the Fermi-LAT detector.
Previous Fermi studies of NGC 1275 had found evidence for spectral and flux vari-
ability on monthly timescales during the first year of Fermi-LAT observations. This
variability is also seen in the larger two year data set, during which we observe a large
γ−ray flare (June-August 2010). The increased photon statistics from this large flare
have allowed the discovery of flux variability from NGC 1275 on the timescales of
days. The largest flux variation observed during this flare being a factor of ∼ 3 from
one day to the next and a resultant e-folding risetime of 1.51 ± 0.2 days. The two
year averaged E >100 MeV γ−ray spectrum is adequately described by a power-law
spectrum, with a photon index, Γ, of 2.09 ± 0.02, and a resultant integrated flux of
Fγ = (2.2± 0.1)× 10
−7 ph cm−2s−1. While no hysteresis was observed in the photon
index−flux (Γγ vs Fγ) parameter space, there was obvious ‘harder-when-brighter’ be-
haviour observed during the large γ−ray flare. Furthermore, during this large flare,
NGC 1275 appeared to migrate from the FR I radio galaxy to the BL Lac object
region of the photon index−luminosity (Γγ vs Lγ) paramater space. In this paper we
present details of our Fermi-LAT analysis of NGC 1275, including a brief discussion
on its implications for γ−ray blazar sources.
Key words: galaxies: active – galaxies: individual (NGC 1275) – galaxies: jets –
gamma rays.
1 INTRODUCTION
NGC 1275, also known as Perseus A and 3C 84, is a nearby
active galaxy located at the center of the Perseus cluster, at
a redshift of z=0.0179 (Strauss et al. (1992)). Classified as
a FR I radio galaxy, NGC 1275 is extremely radio bright,
exhibiting clear structure of a compact central source and
an extended jet (e.g. Vermeulen et al. (1994), Asada et al.
(2006)). VLBI and VOSP observations have shown NGC
1275’s jets to have an instrinsic velocity of 0.5 ± 0.09c
and an orientation angle ≈ 30 − 55◦ (Walker et al. (1994)
& Asada et al. (2009)). With a central supermassive black
hole mass of 3.4 × 108 M⊙ (Wilman et al. (2005)), NGC
1275 appears to exhibit jet precession (Dunn et al. (2006)),
which has been interpreted as a possible indication that
NGC 1275 is the result of a merger between two galaxies
(Liu & Chen (2007)). As a FR I radio galaxy, NGC 1275
is believed to belong to the parent population of BL Lac
⋆ E-mail: anthony.brown@canterbury.ac.nz
† Corresponding author
objects within the unified model of AGN (Fanaroff & Riley
(1974) and Urry & Padovani (1995)), though there is evi-
dence that the AGN unification scheme may be over simpli-
fied (e.g., Kharb et al. (2010)).
Surrounded by extended filament structures, NGC 2175
has historically been of great interest due to both its central
location in the Perseus Cluster, with the Perseus cluster be-
ing the brightest cluster at X-ray energies (eg. Fabian et al.
(2003)), and the possible ‘feed-back’ role NGC 1275 plays in
the Perseus cluster (eg. Gallagher (2009)). Evidence for the
‘feed-back’ role of NGC 1275 can be seen in both ROSAT
and Chandra observations where cavity, or bubble, struc-
tures are visible (Bohringer et al. (1993) and Fabian et al.
(2006)). These bubbles appear to be spatially coincident
with the radio structure extending out from the central AGN
engine.
NGC 1275 is also of interest due to its close proxim-
ity to Earth affording us an excellent opportunity to study
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the physics of relativisitic outflows1. NGC 1275 was first de-
tected as a source of high energy γ-rays by the Fermi-LAT
detector (Abdo et al. (2009a)). During the first four months
of all-sky-survey observations, taken from August to Decem-
ber 2008, NGC 1275 was found to have an average flux of
Fγ = (2.10 ± 0.23) × 10
−7 ph cm−2 s−1 above 100 MeV
and a power law photon index of Γ = 2.17± 0.05. While no
variability was observed during these four months of obser-
vations, the Fermi detection of a γ−ray flux above the upper
limit of F>100MeV < 3.72 × 10
−8 ph cm−2 s−1 set by the
EGRET detector implied variability over larger timescales
of years or decades (Reimer et al. (2003)).
More recently, Kataoka et al. have found evidence for
monthly variations in the E > 100 MeV γ−ray flux from
NGC 1275 during the first year of Fermi-LAT observations.
These observations also showed spectral variations during
periods of higher flux with a hysteresis behaviour in the flux-
photon index parameter space (Kataoka et al. (2010)). It is
worth noting that during the first year of operations, NGC
1275 was continually present in the Fermi bright source cat-
alogue (Abdo et al. (2009d) & Abdo et al. (2009e)).
At TeV γ-ray energies, upper limits for NGC 1275
above 100 GeV have been set by both the VERITAS
Cherenkov telescope array (Acciari et al. (2009)) and the
MAGIC Cherenkov telescope array (Aleksic et al. (2010)).
These upper limits showed a deviation from extrapolating
the power law spectrum at MeV/GeV energies down to TeV
energies. However during the preparation of this paper, the
MAGIC collaboration has recently announced the detec-
tion of NGC 1275 above 100 GeV with a significance of
5.2σ at approximately 1% of the Crab flux at TeV energies
(Mariotti et al. (2010)).
This paper investigates the high-energy γ−ray flux and
spectral properties of NGC 1275 during the first two years of
Fermi-LAT observations. In particular, the increased photon
statistics associated with a large γ-ray flare event, allow us
to probe flux and spectral variability from NGC 1275 with
unprecedented temporal resolution. In §2 we describe the
Fermi-LAT observations and data analysis routines used in
this study. The results of the analysis are given in §3, with
the discussion in the context of AGN unification and TeV
γ-ray emission, given in §4. The conclusions are given in §5.
2 FERMI -LAT OBSERVATIONS
The LAT detector aboard Fermi, described in detail in
Atwood et al. (2009), is a pair-conversion telescope, cover-
ing a photon energy range from below 20 MeV to above 300
GeV. With a large field of view, ≃ 2.4 sr, improved angu-
lar resolution, ∼ 0.6◦ at 1 GeV, and large effective area,
∼ 8000 cm2 on axis at 1 GeV, Fermi-LAT provides an or-
der of magnitude improvement in performance compared to
previous γ-ray missions.
Since the 4th of August 2008, the vast majority of ob-
servations completed by Fermi have been performed in all-
sky-survey mode. In all-sky-survey mode Fermi points away
1 AssumingH0 = 71 km s−1 Mpc−1, NGC 1275 has a luminosity
distance of 75.6 Mpc. At this distance 1 arcsecond corresponds to
324 parsecs.
Figure 1. 100 MeV − 200 GeV γ-ray image centered on NGC
1275 (RA = 49.951◦, DEC=41.512◦) with a ROI of 8◦, smoothed
with a 3◦ Gaussian.
from the Earth and rocks ∼ 32◦ north and south of its or-
bital plane. This rocking motion, coupled with Fermi-LAT’s
large effective area, allows Fermi to scan the entire γ-ray sky
every 3 hours (Ritz (2007)).
The observations used here comprise of all all-sky-
survey data taken between 4 August 2008 and 30 Septem-
ber 2010, equating to a MET interval of 239557417 to
307553159. After applying a zenith cut of 105◦ to elimi-
nate γ-ray photons from the Earth’s limb, all ‘diffuse’ class
events were considered in the 100 MeV to 200 GeV en-
ergy range. Throughout this analysis, Science Tools version
v9r15p2 were used in conjunction with instrument response
functions (IRF) P6 V3. Furthermore, a ΛCDM cosmology
was adopted, with a Hubble constant of H0 = 71 km s
−1
Mpc−1, Ωm = 0.27 and ΩΛ = 0.73.
3 RESULTS
3.1 Sky Map
The 100 MeV < E < 200 GeV sky map of NGC 1275 can
be seen in Figure 1. Centered on NGC 1275 (RA=49.951◦,
DEC=41.512◦), with a radius of interest (ROI) of 8◦, Fig-
ure 1 has also been smoothed with a 3◦ Gaussian func-
tion. The brightest source in this field of view is located
at RA=49.951◦, DEC=41.533◦ , and as such, is positionally
coincident with NGC 1275. It should be noted that the ex-
tended structure towards the upper left of the field of view
is believed to be diffuse γ-ray emission from the Galactic
plane (Abdo et al. (2009a)).
3.2 Lightcurve
To investigate temporal variability in NGC 1275’s γ-ray flux,
an unbinned maximum likelihood estimator, GTLIKE was
applied to all 800 MeV < E < 200 GeV diffuse class events,
taking a ROI of 1◦ to minimise the contribution of soft γ-
c© 2011 RAS, MNRAS 000, 1–7
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Figure 2. The 2 year lightcurve of 800 MeV - 200 GeV γ-ray flux from NGC 1275 binned in week intervals, as detected by Fermi-LAT
with a ROI of 1◦.
rays from the Galactic ridge (see Section 3.1)2. Likewise,
only considering events with E > 800 MeV allows us to
remove the majority of the contribution from the Galactic
diffuse emission. The P6 V3 DIFFUSE IRF was applied, as-
suming a power law spectrum, with an index of Γ = 2.17, as
described in Abdo et al. (2009a). The resultant lightcurve
can be seen in Figure 2 with a temporal resolution of a week
and statistical errors only. Figure 2 shows clear evidence
for variability on timescales of weeks, with a χ2 = 386 for
112 d.o.f for a constant flux fit. Figure 2 also reveals that
several major flaring events have occurred during the two
year observing period. The first flare during March to June
2009 (54850 <MJD < 54950) has previously been discussed
in Kataoka et al. (2010). However, a larger flaring event is
visible at the end of the observing period June to Septem-
ber 2010 (MJD > 55350), with a maximum weekly flux of
(9.03 ± 1.22) × 10−8 ph cm−2s−1, increasing by a factor of
2.3 from the previous week.
2 It should be noted that the lower limit on the ROI size is set by
the angular resolution performance of the LAT instrument. At 800
MeV, 68% of events are reconstructed within 1◦ (Atwood et al.
(2009)).
3.3 Spectrum
To study NGC 1275’s average γ-ray spectrum during the
two years of observation GTLIKE was applied to the 100
MeV < E < 200 GeV continuum, assuming a power law
source model with additional Galactic and Extragalactic dif-
fuse background components. Taking a ROI of 8◦, we utilised
the most recent Galactic (gll iem v02.fit) and Extragalactic
diffuse (isotropic iem v02.txt) models3, with the normalisa-
tion of these models free to vary.
We obtain the following best-fit power law function for
NGC 1275:
dN
dE
= (2.43 ± 0.09) × 10−9(
E
100 MeV
)−2.09±0.02
photons cm−2s−1MeV−1 (1)
which equates to an integrated flux, in the 100 MeV − 200
GeV energy range, of
FE>100 MeV = (2.2± 0.1) × 10
−7 photons cm−2s−1 (2)
only taking statistical errors into account. From this power
3 It should be noted that the isotropic iem v02.txt model file also
models any residual instrumental background.
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Figure 3. The 2 year averaged LAT spectrum, E > 100 MeV,
of NGC 1275. The solid line represents the power law function
defined in Equation 1, with the dashed line representing the ex-
ponential cut-off power law fit. With similar χ2 fits, it is not
possible to differentiate between the two models.
law, the predicted γ-ray count was 6844.1, with a test statis-
tic4 of TS = 9459.9, corresponding to a ∼ 97σ detection.
The Galactic diffuse background was found to have a nor-
malisation of 1.07 ± 0.01 and a predicted count of 94496,
while the Extragalactic diffuse background was found to
have a normalisation of 0.77± 0.02 and a predicted count of
22118.5. The predicted diffuse background counts calculated
from the two year data set are consistent with these previous
works. However the photon index of NGC 1275 calculated
over the two year data set, Γ = (2.09 ± 0.02), appears to
be slightly harder those previously published in Abdo et al.
(2009a), Γ = (2.17 ± 0.04), from four months of observa-
tions and Γ = (2.13 ± 0.02), from one year of observations
(Kataoka et al. (2010)).
The best-fit power law function, given by Equation 1,
can be seen in Figure 3, where the data points in Figure 3
was obtained by applying GTLIKE separately to ten loga-
rithmic energy bands in the range 100 MeV to 102.4 GeV.
In an attempt to account for the small deviation between
the model and data above E = 20 GeV, the 100 MeV −
102.4 GeV spectrum was also fit with an exponential cut-off
power law (dN/dE ∝ E−Γ × exp(−E/Ecut−off)), with the
best-fit shown in Figure 3. However, it should be noted that
the χ2 and resultant fit probability is similiar for both the
4 The test statistic, TS, is defined as twice the difference between
the log-likelihood of two different models (2[logL− logL0] where
L and L0 are defined as the likelihood when the source is included
or not respectively) Mattox et al. (1996).
-2.0×10-8
0.0×100
2.0×10-8
4.0×10-8
6.0×10-8
8.0×10-8
1.0×10-7
1.2×10-7
1.4×10-7
1.6×10-7
1.8×10-7
 55360  55370  55380  55390  55400  55410
Fl
ux
 (p
h c
m-
2  
s-
1 )
MJD
Figure 4. Lightcurve of 800 MeV - 200 GeV γ-ray photons from
NGC 1275 binned with daily temporal resolution, from June to
August 2010, as detected by Fermi-LAT with a ROI of 1◦.
power law and exponential cut-off power law fit. As such, it
is not possible to differentiate between the two models for
the averaged two year spectrum.
4 DISCUSSION
4.1 Flux Variability
To investigate the major flare further, we rebinned the 800
MeV < E < 200 GeV flux for June−August 2010 with daily
resolution, the results of which can be seen in Figure 4. The
most rapid flux variation is seen at 55373 < MJD < 55376
where the flux increased by a factor of ∼8 over a 3 day
period.
To characterise the timescales of this flare event, we
evalulate the time for an exponential flux increase or de-
crease, referred to as the e−folding time, which is defined
by:
F (t) = F (to)exp(τ
−1(t− to)) (3)
where τ is the characteristic e−folding timescale and F (t)
and F (to) are the fluxes at time t and to respectively. The
variability observed during 55372 < MJD < 55380 equates
to an e−folding rise time, τrise, of 1.51 ± 0.2 days and a
subsequent e−folding decay time, τdecay, of 2.54±0.31 days.
With observed flux variability on timescales of days, it
is most likely that the observed γ-ray variability from NGC
1275 is associated with relativistic outflows in the form of
jets. This implies that relativistic effects such as Doppler
boosting of radiation density and temporal contraction of
variability timescales will be observed. Taking the Doppler
factor of the relativistic jet into consideration, causality im-
plies that an emission region, with radius, R, and a Doppler
factor5, δ, is related to the γ−ray variability, tvar, by:
R 6 ctvarδ(1 + z)
−1 (4)
Taking tvar to be the e-folding rise time, τrise = 1.51±
5 δ = (Γ(1− βcosθ))−1 where Γ is the bulk Lorentz factor of the
jet, β = v/c and θ is the angle to the line of sight.
c© 2011 RAS, MNRAS 000, 1–7
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0.2 days constrains the emission region to Rδ−1 6 3.84×1013
meters.
By convolving this limit with that invoked by the opti-
cal depth of the γ-rays, τγγ 6 1, we are able to estimate the
minimum Doppler factor, δmin (Dondi & Ghisellini (1995)
& Mattox et al. (1997)). Since no multiwavelength observa-
tions were taken during the flare period, we assume archival
X-ray flux and spectrum values: α = 0.65 and F5keV = 4 µJy
(Churazov et al. (2003)). It should be noted that RXTE -
ASM data was used to confirm that the 2 − 10 keV X-ray
flux level during the Churazov et al. observations was similar
to the 2− 10 keV flux level during the flare period analysed
here.
For tvar = 1.51 days and 10 GeV photons we obtain a
minimum Doppler factor of δmin ≈ 2. A Doppler factor of 2
implies a maximum emission region radius of ∼ 8 × 1013m
or 2× 10−3 pc, strongly suggesting that the inner region of
NGC 1275 is the source of the high-energy γ-ray emission.
We note that a Doppler factor of 2 is consistent with
those derived for NGC 1275 via independent methods (eg.
Lahteenmaki & Valtaoja (1999)), as well as being consistent
with the Doppler factor derived for other Fermi detected ra-
dio galaxies such as Cen A and M87 (Abdo et al. (2010c),
Abdo et al. (2009b)). It is worth mentioning that a Doppler
factor of 2 is also consistent with broad-band modelling of
Intermediate frequency BL Lac objects (IBL), which are be-
lieved to be the beamed counterparts of FR I radio galaxies
within the unified model of AGN (eg. Reyers (2009)).
4.2 Spectral Variability
Both Abdo et al. (2009a) and Kataoka et al. (2010) found
evidence for spectral variability in the E > 100 MeV
spectrum of NGC 1275. Furthermore, Kataoka et al. (2010)
found evidence for hysteresis behaviour in the flux versus
photon index parameter space during the April−May 2009
flare. To investigate whether this hysteresis behaviour is
present in the larger flare observed during June−August
2010, the MJD>55200 data was binned into four sepa-
rate epochs corresponding to periods before, during the
rise, at the peak and the decay of the flare event. These
epochs, denoted as A, B, C and D, correspond to the MJD
intervals (55200<MJD<55300), (55300<MJD<55372),
(55372<MJD<55421) and (55421<MJD<55468) respec-
tively. The unbinned maximum likelihood estimator was
applied to each epoch, assuming a power law and the same
diffuse emission models as before. The photon index and
subsequent flux levels for epoch A, B, C and D can be seen
in Figure 5.
While there is no evidence for hysteresis during the
larger July−August 2010 flare, the flux level is clearly cor-
related with the photon index, such that the photon in-
dex becomes harder at higher flux levels (Γ ∝ −0.06 ×
FE>100MeV ). This ‘harder-when-brighter’ behaviour is what
one would expect in a simple acceleration and cooling sce-
nario (Kirk et al. (1998)) and has been observed previously
with Fermi observations of other AGN; eg. PKS 1502+106
and PKS 1510-089 (Abdo et al. (2010a) & Abdo et al.
(2010d)).
Morphological studies of Fermi detected blazars have
found the photon index to harden from 2.46 for Flat Spec-
trum Radio Quasars to 2.13 for IBL to 1.86 for High fre-
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Figure 5. Flux versus photon index parameter space for the four
epochs ‘A’, ‘B’, ‘C’ & ‘D’, assuming a power law spectrum, for
the large flare MJD > 55200.
quency peaked BL Lac objects (HBL) (Abdo et al. (2010b)).
Furthermore, a study of theE > 100 MeV properties of TeV-
bright AGN has found that the majority of TeV AGN exhibit
hard spectrum, with Γ < 2 (Abdo et al. (2009c)). At its
peak flux, NGC 1275 had a photon index of Γ = 1.98±0.04,
hardening from the Γ = 2.13±0.06 observed during its ‘qui-
escent’ state. This would imply that during the flare event,
NGC 1275 migrated from a misaligned IBL to a HBL class
of AGN. This migration has some interesting implications
for detecting NGC 1275 at higher energies. Kataoka et al.
(2010) suggested that it is the > GeV flux that is important
when triggering TeV observations of Fermi-LAT sources.
This suggestion appears to be a valid one given that during
NGC 1275’s bright flare, when the spectrum was hardest,
that is, when the GeV γ-ray flux was at its greatest, TeV
γ-ray emission was detected by the MAGIC Cherenkov tele-
scope array (Mariotti et al. (2010)).
4.3 High energy properties of FRI radio galaxies
Now that three near FR I radio galaxies, Cen A, M87
and NGC 1275, have been detected by both Fermi-LAT
and ground based Cherenkov experiments, some preliminary
comparisons can be made (see Table 1).
While the MeV/GeV flux for NGC 1275 and Cen A
are similiar, the photon indices are quite different (Γ =
1.98 ± 0.04 compared to Γ = 2.75 ± 0.04) (Abdo et al.
(2010e)). Meanwhile, M87 has a MeV/GeV flux that is an
order of magnitude smaller than both NGC 1275 and Cen
A, but a photon index that is harder than Cen A while being
softer than NGC 1275 (Abdo et al. (2010e)). While there is
no obvious correlation between these observational charac-
teristics, it is interesting to note that while M87 and NGC
1275 are known variable sources, Cen A does not appear to
vary at E > 100 MeV.
All of these FR I radio galaxies have been predicted
to be strong sources of MeV−TeV γ-rays by a variety of
emission models. One such model attributes the high en-
ergy emission to pulsar-like particle acceleration in a ro-
tating magnetosphere around the supermassive black hole
c© 2011 RAS, MNRAS 000, 1–7
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Table 1. Summary of high energy characteristics for nearby FR
I radio galaxies. The Cen A and M87 MeV/GeV characteris-
tics are from Abdo et al. (2010e), with the NGC 1275 MeV/GeV
characteristics taken during the June−August 2010 flare when
TeV emission was detected. The MeV/GeV flux is in units of
photons cm−2 s−1. The TeV flux value for NGC 1275 was calcu-
ated as 1% of the Crab flux at TeV energies, with the TeV flux
units of cm−2 s−1.
Cen A M87 NGC 1275
redshift 0.0009 0.004 0.0179
SMBH Mass (M⊙) 5.5× 10
7 3.2× 109 3.4× 108
Flux (MeV/GeV) 2.14× 10−7 2.45× 10−8 4.1× 10−7
Γ (MeV/GeV) 2.75 2.21 1.98
Flux (TeV) 2.45× 10−13 1.5× 10−12 ∼ 1× 10−12
Γ (TeV) 2.7 2.6 −
log Lγ (ergs s−1) 41.13 41.67 44.62
and was successfully applied to the variable γ-ray flux of
M87 (Neronov & Aharonian (2008) & Rieger & Aharonian
(2008)). In this model LIC ∝ MBH is expected, where LIC
is the inverse Compton luminosity and MBH is the super-
massive black hole (SMBH) mass. For FR I radio galaxies,
the inverse Compton emission spans the MeV−TeV energy
range and as such, if the rotating magnetosphere model was
applicable to this class of AGN, one would expect to see
both the MeV/GeV and TeV γ-ray fluxes and luminosities
to be correlated to the SMBH mass. While this does ap-
pear to hold for the flux at TeV energies, it does not for the
MeV/GeV flux. This would imply that the MeV/GeV and
TeV emission have origins in different physical processes for
radio galaxies.
Finally, it is worth noting that FR I radio galaxies oc-
cupy a distinct region in the Γγ −Lγ parameter space com-
pared to BL Lac objects (Abdo et al. (2010e)). This divide is
attributed to a difference in accretion rate (Ghisellini et al.
(2009)). During the large γ-ray flare presented in this paper,
NGC 1275 migrated from the FR I radio galaxy to the BL
Lac region of the Γγ − Lγ parameter space with ∆Γ ∼ 0.2
and ∆log L ∼ 0.62. If indeed, the difference in Γγ − Lγ pa-
rameter space is due to accretion rate, then the NGC 1275’s
flaring events of June−August 2010 could possibly be asso-
ciated with an increase in accretion, and associated increase
in the matter ejected along the relativistic jets.
5 CONCLUSIONS
We have reported on our studies of NGC 1275 utilising two
years of all-sky-survey data from the Fermi-LAT detector.
These studies have found NGC 1275 to exhibit E > 100 MeV
flux variability on timescales of days, with τrise = 1.51±0.2
days, during a large γ-ray flare in June-August 2010. This
large flare also saw NGC 1275 exhibiting spectral evolution,
with a ‘harder-when-brighter’ trend. This large flare period
co-incided with the MAGIC collaboration announcing the
detection of TeV emission from NGC 1275, giving weight to
the belief that it is the > GeV flux that is important when
triggering observations at very high energies.
The LAT spectrum of NGC 1275 is best described by
a power law, with Γ = 2.09 ± 0.02, though a power law
with exponential cut-off cannot be ruled out. This photon
index is slightly harder than those of Kataoka et al. (2010)
and Abdo et al. (2009a), with the difference most likely at-
tributed to the increase in activity in the full two year data
set compared to the one year and four month data sets.
In general, the spectral variability of NGC 1275 ob-
served by Fermi raises interesting questions with regards
to the unification model of AGN. During the large flare, the
γ-ray spectrum evolved from IBL to HBL values for photon
indices. Likewise, in the Γγ−Lγ parameter space, NGC 1275
migrated from the FR I radio galaxy to the BL Lac object
region. Taking into consideration these two changes, it is
no surprise that NGC 1275 has subsequently be detected at
TeV energies, however, it raises the question as to why the
three near FR I radio galaxies, NGC 1275, M87 and Cen A,
all detected at both MeV/GeV and TeV energies, have such
different high energy properties.
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